In cardiac anomalies causing severe obstruction in the left side of the heart, such as aortic atresia, mitral atresia, or occasionally severe aortic stenosis, maintenance of circulation depends upon shunting of pulmonary venous blood into the right atrium. The usual pathway by which the shunt is achieved is across the atrial septum through the foramen ovale.
SUMMARY
In cardiac anomalies causing severe obstruction in the left side of the heart, such as aortic atresia, mitral atresia, or occasionally severe aortic stenosis, maintenance of circulation depends upon shunting of pulmonary venous blood into the right atrium. The usual pathway by which the shunt is achieved is across the atrial septum through the foramen ovale.
When this route is closed or severely narrowed, alternate but less common pathways may exist. These involve either anomalous connections of pulmonary veins to systemic veins or communications with the coronary venous system. In the latter, as commonly occurs in aortic atresia, left ventricular myocardial sinusoids carry pulmonary venous blood from the left ventricular cavity and into the cardiac veins. In other instances of severe left-sided obstruction, a direct communication may exist between the left atrium and the coronary sinus.
CERTAIN CONGENITAL ANOMALIES represent major or absolute barriers to the flow of blood through the left side of the heart. Mitral atresia and/or aortic atresia are absolute barriers. In each of these, maintenance of circulation depends upon the pulmonary venous blood reaching the right atrium in which chamber it mixes with the returning systemic venous blood. From the right atrium, blood is carried into either the right ventricle or a single ventricle, depending upon the type of cardiac anomaly ( fig. 1 ).
While aortic and/or mitral atresia represent absolute barriers to flow through the left side of the heart, other conditions such as aortic stenosis, although possessing a patent orifice, may be sufficiently obstructive to show a similar pattern of the circulation to that of mitral or aortic atresia.
Although in these obstructive lesions, the flow into the right atrium usually occurs through the foramen ovale route, alternatives to this may exist in certain patients. Such pathways involve systemic and/or pulmonary veins. Angiographic demonstration of these channels may lead to confusion in interpretation. They may be interpreted incorrectly as primary anomalies of the pulmonary veins or other structures when, in fact, they represent compensatory phenomena to a fundamental obstructive condition within the left side of the heart.
Our discussion will consider the major alternative pathways that may occur in patients with left-sided obstructive lesions. In all patients with obstructive anomalies of the left side of the heart, certain collateral pathways are present but are ineffective since the volume of flow through them is small. These include pulmonary-bronchial venous connections within the lungs' and thebesian venous connections between the two atria.
The Usual Alternate Route -The Foramen Ovale In the conditions under discussion, the usual alternate route for pulmonary venous flow is across the atrial septum through the foramen ovale.
The normal structure of the foramen ovale mechanism allows free flow of blood from the right atrium into the left atrium and prevents flow in the opposite direction. In mitral atresia or other conditions characterized by obstruction through the left side of the heart, including aortic atresia or some cases of aortic stenosis, the left atrial pressure rises to abnormally high levels. The elevated pressure causes the valve of the foramen ovale to bulge toward the right. Eventually, the free edge of this valve herniates into the venous blood into the right atrium ( fig. 3 ). Although the transatrial shunt permits the circulation of blood, the opening in the atrial septum is usually of limited caliber and signs of pulmonary venous hypertension are present.
Uncommon Alternate Routes
While the foramen ovale represents the classical route for decompression of the left atrium in the obstructive anomalies being considered, there are situations wherein the fbramen ovale is either sealed or so narrow as to be an even more ineffective channel than usual. Under this circumstance other alternate routes exist if life is maintained. These involve either anomalous pulmonary venous drainage to systemic veins or to the coronary venous system.
Anomalous Pulmonary Venous Drainage to Systemic Veins
When pulmonary veins contribute to decompression of the left atrium, one or more anomalous connections may exist between the pulmonary venous system or left atrium on one hand, and a systemic vein on the other. Herniation of the valve of the foramen ovale into the right atrium in a case of mitral atresia. a) Left atrium (L.A.). The valve (V.) of the foramen ovale has herniated toward the right atrium creating a defect (D.) in the atrial septum. b) Right atrium (RA.). The valve (V.) of the foramen ovale has herniated into the right atrium creating a defect (D.) for an obligatory left-to-right shunt.
Solitary nection
Extrapulmonary Anomalous Pulmonary Venous Con-In another case of mitral atresia, Shone and Edwards2 observed that the right upper and lower and the left lower pulmonary veins joined the left atrium normally. In contrast, the left upper pulmonary vein ascended in the mediastinum to join the left innominate vein. Within the left lung, a bridging vein joined its upper and lower veins. The connections allowed right pulmonary venous blood to enter the left atrium whence it flowed into the left lower Pulmonary venous anomalies associated with mitral atresia described by Shone A variant of the foregoing was observed by us in a case of aortic stenosis with a hypoplastic left ventricle involved with endocardial fibroelastosis. In that case, described by Hunt and associates,3 the four pulmonary veins joined the left atrium in normal fashion. An anomalous vein extended from the left upper pulmonary vein to the left innominate vein ( fig.  5a ). During life, a selective pulmonary arteriogram had been performed. In the late phase of this study, the pulmonary venous structures, including the anomalous vein, were clearly identified (fig. 5b ). The case serves to emphasize the point that clear visualization of an anomalous pulmonary vein might be interpreted as a primary anomaly while, in fact, it represented a collateral channel in the presence of a severe degree of left ventricular inflow obstruction.
Levoatriocardinal Vein
In a variant of anomalous pulmonary venous connection, the pulmonary veins join the left atrium and, in addition, another vein extends from the left atrium to a systemic vein ( fig. 6 ). McIntosh, in 1926,4 recognized this vein as an avenue of exit of blood from 511 BECKMAN, MOLLER, EDWARDS Figure 5 Severe aortic stenosis with anomalous pulmonary venous connection between left upper pulmonary vein and innominate vein (from case described by Hunt and associates'). a) Diagrammatic representation of the central circulation. In addition to normal union of the pulmonary veins with the left atrium, an anomalous connection exists between the left upper pulmonary vein and left innominate vein in a case with severe aortic stenosis and hypoplastic left ventricle. b) Late phase of selective pulmonary arteriogram showing the pulmonary venous system and the left side of the heart. An anomalous connection between the left upper pulmonary vein and the left innominate vein is clearly visualized. the left atrium in a case of mitral atresia and premature closure of the foramen ovale. Later, similar cases were described by Harris and co-workers5 and by Bellet and Gouley.6 In 1950, such a vein was designated by Edwards and DuShane7 as a levoatriocardinal vein. Subsequently, Lucas and associates8 described an additional case in a subject with mitral atresia.
Anomalous Pulmonary Venous Drainage to Coronary Venous

System
When the coronary venous system supplies an alternate route for pulmonary venous flow, the essential structure may be either the left ventricular myocardial sinusoids or the coronary sinus.
Left Ventricular Myocardial Sinusoids
In aortic atresia with intact mitral valve and in certain cases of severe degrees of congenital aortic stenosis, an alternate route for pulmonary venous flow appears to be through myocardial sinusoids. In these conditions, left ventricular systolic pressures are at abnormally high levels, as blood in this chamber is trapped by a competent mitral valve and an R.RV. R. A. obstructed left ventricular outlet. It is probable that blood from the left ventricle is forced out into myocardial sinusoids that communicate with this chamber. From the sinusoids, blood may escape through three avenues, namely, (1) the myocardial veins, (2) ramifications of coronary arteries, or (3) directly into Circulation, Volume 52, September 1975 myocardial capillaries. From any or all of these sites, blood would ultimately be delivered to the right atrium through the coronary sinus.
The escape of blood from the left ventricle is comparable to escape from the right ventricle in instances of pulmonary atresia with intact ventricular septum and competent tricuspid valve.9 10 Supportive anatomic evidence pulmonary venous blood through (fig. 8b ).
Coronary Sinus
Uncommonly, there may be one or several large openings between the coronary sinus and left atrium. If no other anomalies are associated, a left-to-right shunt occurs through the abnormal opening(s) into the coronary sinus and finally the right atrium. Such an opening provided a vital route by allowing a rightto-left shunt in a case of tricuspid atresia with restricted foramen ovale described from these laboratories by Rose 
and associates."1
If an obstructive anomaly is present in the left side of the heart, a communication between the coronary sinus and left atrium may provide a route for left atrial Figure 9 Communication of coronary sinus with left atrium in mitral atresta. a) An ostiurm of the coronary sinus communicates the vessel with the left atrial cavity. This represents a hypothetical arrangement whereby in mitral atresia left atrial blood may course into the right atrinum through the coronary sinus. b) Communication of coronary sinus with left atrium and with a persistent left superior vena cava (L.S.V'.C.) in mitral atresia. From the case of which angiocardiograms are shown in figure 10 . Another situation in which the coronary sinus participated was described by Raghib and associates'2 from these laboratories. It involved a newborn infant with aortic atresia and premature closure of the foramen ovale. A fistula was present between the left circumflex coronary artery and the coronary sinus.
Numerous ostia of myocardial sinusoids were observed in the left ventricle. It is presumed that .....elevated left ventricular pressure caused left ventricular (pulmonary venous) blood to be forced through myocardial sinusoids into the coronary arteries. From the left coronary arterial system, blood was delivered through the fistula into the coronary sinus for ultimate arrival in the right atrium ( fig. 11 ).
Figure 10
Successive angiograms in the case of mitral atresia of which the essentials are illustrated in figure 9b . The catheter has passed from the right atrium into the coronary sinus. There is opacification both of the left atrial cavity and of the left superior vena cava and, ultimately, the right side of the heart.
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